The discovery of small noncoding microRNAs (miRNAs) increases the complexity of gene expression regulatory mechanisms. The basic mechanism of miRNA biogenesis and regulatory functions of target genes have been widely elucidated. Recently, it has been recognized that regulation of each step of miRNA biogenesis is critical for generating functional miRNAs. Interestingly, cell signaling pathways, including the transforming growth factor β (TGFβ) signaling pathway, have been found to modulate miRNA biosynthesis. TGFβ signaling regulates expression of several miRNAs that are implicated in the development and homeostasis of vascular smooth muscle cells (VSMCs). This review describes recent understanding of the transcriptional and post-transcriptional regulation of miRNA expression by TGF β signaling in VSMCs.
INTRODUCTION
Small noncoding miRNAs have emerged as integral players in various physiological and pathophysiological processes [1, 2] . Individual miRNAs modulate the expression of hundreds of target mRNAs and thus control various biological processes. Approximately 1,000 miRNAs have been found in the human genome, and more than half of these seem to be expressed in a temporally and spatially regulated manner [3] .
Aberrations in miRNA biogenesis result in abnormal expression of miRNAs and consequently lead to developmental defects and human diseases. Recent studies illustrate the importance of both transcriptional and post-transcriptional regulation of miRNA biogenesis [4, 5] . Transcription of miRNA genes can be regulated in the promoter region of the miRNA genes, similar to protein-coding genes. The expression of some miRNAs can also be regulated post-transcriptionally by transcription factors or RNA-binding proteins functioning in the nuclear cleavage of primary miRNAs (pri-miRNAs) by Drosha [6] .
More recent findings suggest that each step of miRNA biogenesis can be controlled by various extracellular stimuli, including growth factor signaling, to fine-tune cellular miRNA levels [7] . For example, the TGFβ family of growth factors has been demonstrated to regulate the biogenesis of a subset of miRNAs at the transcriptional or post-transcriptional level in VSMCs [8] [9] [10] . Typically, TGFβ signaling is involved in a range of biological processes including growth inhibition, cell migration, invasion, epithelial-mesenchymal transition (EMT), extracellular matrix (ECM) remodeling, and vascular phenotype switching [11] .
This review discusses the novel function of the TGFβ signaling pathway in the control of miRNA expression to ach-
Journal of
Lifestyle Medicine ieve precise gene expression during development and homeostatic maintenance of VSMCs. 
VASCULAR SMOOTH MUSCLE CELLS

TGFβ SIGNALING
TGFβ family ligands bind to specific sets of heteromeric receptor complexes, the type I and type II TGFβ receptors, which are both serine/threonine kinases [16] . After formation of this heterotetrameric receptor complex, active type II receptor kinase phosphorylates the type I receptor. double-stranded miRNA containing a guide strand (mature miRNA) and a passenger strand (miRNA*) [22] . While the miRNA* is often degraded, the mature miRNAs associate 
CONTROL OF MicroRNA BIOGENESIS BY TGFβ SIGNALING
Recently, it has been reported that TGFβ signaling pathway can regulate the biogenesis of small noncoding miRNAs [24] . Expression of miRNAs can be transcriptionally controlled by TGFβ signaling, similarly to mRNAs, or post-transcriptionally in either of the processing steps (Fig. 1 ). MiR-143 and miR-145 function to regulate the phenotype switching of VSMCs.
Transcriptional regulation
Post-transcriptional regulation
Recently, a novel role for Smads in the post-transcriptional regulation of miRNA processing has been elucidated [8] .
Upon TGFβ and BMP signaling, the mature miRNA-21 level is increased in VSMCs without a corresponding increase in pri-miRNA-21, unlike transcriptionally regulated miRNAs.
Smads interact with p68 in the Drosha Microprocessor complex and promote cleavage of pri-miR-21 into pre-miR-21. 
CONCLUSION
Many miRNAs have been shown to function in the maintenance of a contractile or synthetic VSMC phenotype [24] .
Control of the VSMC phenotype is critical for normal vascular development and homeostasis, and several signaling pathways are involved in this process. Therefore, understanding the complex interactions between miRNAs and signaling pathways involved in the vascular system may offer potential miRNA-based therapeutic applications. In this review, we summarized the regulation of miRNA expression at the transcriptional and post-transcriptional levels, focusing on TGFβ signaling in VSMCs. This study provides insights into how growth factor signaling pathways are integrated into miRNA biogenesis. We anticipate that future studies will identify additional important signal transduction networks and elucidate the mechanisms underlying the specificity of regulated miRNAs by different signaling pathways.
